SUMMARY Immunofluorescent techniques were utilized to study the nature and distribution of cells forming the inflammatory infiltrate in Crohn's disease. Tissue from resected ileum (one patient) or colon (one patient) when compared with corresponding control tissues contained increased numbers of B and T lymphocytes. B-cells of IgG class predominated in the mucosal lamina propria, whereas T-cells were prominent in the deeper layers of inflamed bowel. Inflammatory cells bearing Fc receptors were also present in these tissues. Decreased peripheral blood T-cell numbers returned to normal after resection of the involved bowel in the two patients studied. Impaired cellular immunity in Crohn's disease may thus result from T-cell sequestration in or loss from involved segments of intestine.
A number of studies relating to cell mediated immunity have been reported in patients with Crohn's disease. Several authors have recorded impaired cutaneous delayed hypersensitivity (Williams, 1965; Jones et al., 1969) and depressed in vitro peripheral blood lymphocyte responsiveness to non-specific mitogens such as phytohaemagglutinin (Parent et al., 1971; Guillou et al., 1973; Sachar et al., 1973) or in mixed lymphocyte culture (Richens et al., 1974) . In addition, we have recently identified a quantitative depression of circulating thymus-derived (T) lymphocytes in some patients with Crohn's disease (Strickland et al., 1974) . However, other workers using similar techniques have reported contradictory results (Fletcher and Hinton, 1967;  Ropke, 1972; Asquith et al., 1973; Bird and Britton, 1974; Bolton et al., 1974) and it is clear that a depression of T-cell function or circulating T-cell numbers is not universally present in patients with Crohn's disease.
In the course of our investigations of lymphocyte abnormalities in Crohn's disease we have recently studied two patients before and after intestinal resection. The present report records our observations of T and B lymphocyte distributions in both "Supported by grants No. AMAI 13824-05 and AM13690-05 from the U.S. Public Health Service. Received for publication 18 September 1975. peripheral blood and resected intestine from these patients.
Methods

PATIENTS
Patient CL is a 32 year old white female with a 10 year history of recurrent Crohn's disease. She had undergone a previous resection of 45 cm (Husby et al., 1973) . Frozen sections (4 ,) were cut, fixed in cold acetone for five to 10 minutes and thereafter stained with the various antisera described below, washed in PBS, and mounted. Immunofluorescent identification of tissue B-and T-cells followed methods which have been recently described in detail (Husby et al., 1975 (Husby et al., 1973) (Husby et al., 1975) . T-cells Tissue T-cells were detected by indirect immunofluorescence utilizing an extensively absorbed antiserum to isolated human thymocytes (Husby et al., 1975) and followed by a second layer of fluoresceinated goat anti-rabbit IgG. The anti-T-cell antiserum stained only the T-celI dependent areas of sections from normal human spleen and lymph nodes (Husby et al., 1975) .
Several, high power microscopic fields of neighbouring sections stained for B-and T-cells respectively, were examined, and 200 fluorescent cells or more were enumerated in order to determine the proportions of B-and T-cells. An estimate of the degree of inflammatory cell infiltration in these areas was obtained by examination of adjacent sections stained with haematoxylin and eosin and examined by light microscopy.
PERIPHERAL BLOOD B AND T LYMPHOCYTE DETER-MINATIONS
Lymphocytes were separated from heparinized venous blood by Ficoll-Hypaque gradient centrifugation at room temperature. Polyvalent rabbit IgG antibodies to human immunoglobulins were isolated by passage through a DEAE cellulose column and digested with pepsin (Husby et al., 1975) . The resulting F(a b')2 fragments of the rabbit antibodies were then labelled with FITC and used in the direct immunofluorescence technique to detect B lymphocytes bearing Ig on their surface. The pepsin fragment of the rabbit antibodies was used to avoid staining of cells having the Fc receptor, but lacking surface Ig (Winchester et al., 1975) . In some instances B-cells with Fc receptors were determined using aggregates of fluoresceinated IgG as described by Dickler and Kunkel, 1972 . T-cells were enumerated using the sheep red cell rosette technique which employed sheep erythrocytes, initial incubation at 37°C for 30 minutes, followed by overnight incubation at 4'C in pH 7.4 phosphate buffered saline (PBS) but with no serum added (Husby et al., 1975) . The peripheral blood studies were carried out before surgical resection and two months (patient CL) or six months (patient GV)aftersurgery. Neither patient was receiving corticosteroids or azathioprine at the time of these blood studies.
SERUM IMMUNOGLOBULIN (IG) CONCENTRATIONS AND AUTOANTIBODIES
Serum concentrations of IgG, IgA, and IgM were determined using the Oudin tube technique as previously described (Wilson et al., 1967) . Antibodies to smooth muscle, mitochondria, nuclei, parietal cells, and reticulin were examined by indirect immunofluorescence using unfixed frozen sections of rat liver, kidney, and stomach (Seah et al., 1971; Husby et al., 1973 Figs. 1 and 2 ). In the deeper layers of the bowel wall, however, the reverse was true with respect to T-and B-cell distributions. In these areas, T-cells accounted for 60-70% of the lymphocytic infiltrate, the proportion of B-cells being only 30-40% (Table 1, Figs. 1 and 2) . The immunoglobulin class distribution of B-cells in the deeper layers of the bowel wall involved by Crohn's disease was similar to that observed in the lamina propria, the IgG class predominating. Very few IgE positive cells were detected and theie was no apparent difference in the numbers of these cells between normal and inflamed intestinal tissue.
Numerous cells were identified in both normal intestine and that affected by Crohn's disease which bound aggregated IgG (Fig. 3) . No clear quantitative difference in the number of aggregate binding cells in normal or inflamed mucosa was apparent.
PERIPHERAL BLOOD B-AND T-CELLS
The percentages and absolute numbers of B-and T-cells in peripheral blood are shown in Table 2 . At the time of surgery, both patients had decreased proportions and absolute numbers of T-cells, while the proportion and numbers of B-cells were within the normal range. Also, the number of cells binding aggregated IgG in patient CL did not differ from normal. Repeated determinations two or six months after surgery revealed normal T-cell proportions and numbers in both patients, and B-cell values remained normal.
SERUM IMMUNOGLOBULINS AND AUTOANTIBODIES
Serum IgM was increased in one of the patients (CL) both before and after surgery, while serum IgG and IgA levels were within normal limits both before and after surgery. All immunoglobulins were normal before and after surgery in patient GV ( - mitochondria, reticulin and parietal cells were negative in both patients.
Discussion
Very little information is available regarding the immunopathology of the intestinal mucosa in Crohn's disease. An increase in lamina propria plasma cells has been reported in both involved (Persson and Danielsson, 1973; Green and Fox, 1975) and unaffected (Sbltoff, 1969; Green and Fox. 1975) intestinal mucosa of patients with this disease.
In unaffected small bowel mucosa, IgA containing plasma cells predominate and the ratio of IgA: IgM: IgG plasma cells is similar to that observed in normal mucosa (Soltoff, 1969; Green and Fox, 1975) . However, the mucosa in areas of bowel involved by Crohn's disease is characterized by a marked reduction in IgA containing plasma cells (Persson and Danielsson, 1973; Green and Fox, 1975) . A corresponding increase in mucosal plasma cells containing IgG in involved areas of intestine has been reported in one study (Persson and Danielsson, 1973 ) but was not observed in a more recent report (Green and Fox, 1975) . The present study has utilized immunofluorescence techniques to identify T and B lymphocytes in tissue sections from normal small and large intestine and from corresponding tissue involved by Crohn's disease. A marked increase in lamina propria and submucosal lymphocytes was observed in sections from ileum or colon involved by Crohn's disease when compared with normal controls.No clear difference in the degree of intraepithelial lymphocyte infiltration between control intestine and that affected by Crohn's disease was observed in the present material. However, further studies concentrating on an examination of multiple serial sections through this layer with the markers described are needed to clarify this point. This approach may also define which lymphocyte subpopulation predominates in the intraepithelial region of human intestinal tissue. In the mucosal lamina propria of intestine involved by Crohn's disease B-cells were found to predominate. An alteration in the normal ratio of the different immunoglobulin classes of mucosal B-cells was observed-namely, a marked reduction in cells containing or bearing IgA and a concomitant increase in B-cells staining for IgG. These findings confirm the earlier observations of Persson and Danielsson (1973) relating to plasma cell alterations in Crohn's mucosa. In contrast with our observations in the mucosa of involved segments of bowel wall, the deeper layers (submucosa and muscularis) contained dense infiltrates of lymphocytes in which T-cells predominated. These findings using frozen tissue sections are similar to those recorded in a recent report (Breucha and Riethmuller, 1975) which utilized lymphocyte suspensions obtained from resected ileum involved by Crohn's disease. Comparison with suspensions obtained from normal ileum revealed an increase in intestinal T-cells in Crohn's tissue as judged by proportions of lymphocytes forming spontaneous sheep red blood cell rosettes. Our observations are also supported by the study of Persson and Danielsson (1973) in which immunoglobulin containing plasma cells were found to be sparse in the submucosa of the intestine involved by Crohn's disease despite the presence of marked inflammation histologically.
The inflammatory infiltrate in Crohn's tissue was also found to contain large numbers of cells which bound aggregated IgG. Recent work (Stobo et al., 1975) The cause of these striking lymphocyte and plasma cell abnormalities in the intestinal wall of patients with Crohn's disease is unknown. Recent evidence (Mitchell and Rees, 1970; Cave et al., 1973) implicates the existence in Crohn's intestinal homogenates of a transmissible agent and perhaps the immunopathological findings recorded here reflect the host response to such an agent. Whatever the mechanism of these changes, it seems possible that they may have relevance to the anergy and peripheral blood lymphocyte abnormalities observed in a proportion of patients with Crohn's disease. It has been previously suggested (Strober et al., 1967 ) that intraluminal loss of lymphocytes might contribute to the defect in cell mediated immunity in Crohn's disease, and a recent study (Douglas et al., 1975) demonstrating increased faecal loss of 51-Cr labelled lymphocytes appears to be the first directly to document such a phenomenon in this disease.
These observations, together with the present findings of a reversion of peripheral blood T-cell numbers to normal after bowel resection, are most consistent with the view that many of the cellular immune abnormalities reported with varying frequency in Crohn's disease are secondary to immune intestinal sequestration and/or loss of lymphocytes. However, the present findings do not entirely rule out the existence of a more subtle primary abnormality of T-cell function in Crohn's disease.
